Response of Kyllinga peruviana Lam. to salt spray was studied to have an insight into the ecophysiological adaptations underlying the responses. Plants were exposed to foliar salt spray at: two sprays per week (2SS), four sprays per week (4SS) or six sprays per week (6SS), while those sprayed with de-ionized water served as control (CSS). Salt spray did not affect plant survival but had negative effect on growth. The growth parameters decreased except stem girth, which increased significantly in plants sprayed with seawater. Fresh and dry mass of plant parts were significantly lower under seawater treatment than in control. Total biomass, the relative growth rate and leaf total chlorophyll decreased while the root: shoot ratio increased under seawater application. Air-borne salt reduced plant xylem water potential but increased stem succulence for ion dilution. Salt spray accumulated Na+ and Cl-in the aerial parts, resulting in an increased total nutrient and percentage ash content, which culminated in ion toxicity. Salt spray reduced uptake of some essential nutrients but increased N in the aerial parts of seawater-treated plants showing the presence of salt-related nitrogen compounds for osmotic adjustment. Significantly higher values were obtained for Na: K in plants exposed to salt spray than in the control. It led to reduction in stomata density and number of stomata per leaf by as much as 42.86% and 80.42% respectively at 6SS. Air-borne salt caused necrotic damage on the leaf with increasing application level. Generally, salt spray had no effect on the root growth. Kyllinga peruviana tolerates sea water spray by the development of some adaptations to withstand salt-related stress associated with the strandline environment.
Introduction
Along the seashore, strandlines are areas where litter, debris and many discarded items are left behind by the previous receding tide above the high water mark (Rozema et al., 1982) . Despite the worldwide distribution of strandlines, the fragility of the systems in general, their ecological, social and economic values and the potential for discovering causal limitations of plant distributions (Lee & Ignaciuk, 1985) , the vegetation of strandlines has received little attention particularly in Africa. Much of the studies on salinity tolerance have focused on saline soil or saline irrigation (Alshammary et al., 2004; Hunter & Wu, 2005; Marcum et al., 2005) but very little attention has been given to research on plant exposure to salt spray under non-saline irrigation conditions. Unlike the salt marsh, where plant species are exposed to tidal inundation and thus to high salinity (Flowers & Colmer. 2008) , the strandline is out of reach of mean high tide and only rarely flooded with seawater (Rozema et al., 1985) . Thus, salt exposure at the strandline is mainly composed of salt sprays (Rozema et al., 1985; Griffiths et al., 2006; Griffiths, 2006; De Vos et al., 2010) . Studies on salinity tolerance have been conducted on the dominant strandline plant species in many parts of the world, which have offered some explanations of species abilities to grow on the strandlines (Barbour et al., 1985; Flowers & Colmer, 2008) . Consequently, morphological, growth, anatomical and physiological adaptations are likely to have been emphasized by selection and hence may be more easily recognized and quantified.
It is well documented that plants are often more sensitive to saline spray than to salt applied at the root zone (Grattan et al., 1981; Elhaak et al., 1997) . It suppresses plant growth, disrupts water balance, membranes and enzyme systems (Rozema et al., 1985) , inhibits nutrient uptake (Scheiber et al., 2008) and causes necrotic damage (Griffiths & Orians, 2003; Griffiths et al., 2006) . Air-borne salt led to a reduction in shoot and root growth in Triplasis purpurea (Cheplick & Demetri, 1999) , Leymus mollis (Gagne & Houle, 2002) , Myrica pensylvanica (Griffiths & Orians, 2003) , Crambe maritima (De Vos et al., 2010) . Diodia maritima (Kekere & Bamidele, 2012) and Commelina erecta subsp maritima (Kekere, 2013) . Accumulation of chloride and sodium ions usually leads to ion toxicity and inhibition of nutrient uptake that may have negative effect on normal growth and photosynthetic activities (De Vos et al., 2010) . However, some adaptive mechanisms to salt stress have been reported on coastal plants. For example, Crambe maritima minimize water loss through a reduction in leaf surface area available for transpiration. They also stated that salt spray increases water content in some plants, which is an adaptation for ion dilution (Rozema et al., 1985; De Vos et al., 2010) . Also, salt spray disrupts water balance in plants, and only the tolerant species can adjust osmotically through reduced xylem water potential (Griffiths & Orians, 2003; Griffiths, 2006) . Thus, plant species growing in the strandline have adapted to salt spray in various ways (Rozema et al., 1985) .
Kyllinga peruviana Lam. is sedge, belonging to the Cyperaceae family. It is rhizomatous with a distinctive spherical, white inflorescence that is densely crowed with very small greenish yellow flowers. The flowers are in spikes or spikelets and the perianth is either reduced or represents only a set of bristles or scales. It often has leafless stems and the leaves are sword shaped, narrow and flat. It propagates itself mainly by the rapid growth of its spreading rhizome. It is present throughout the West Africa coast (Hutchinson et al., 1968) . The chief importance of this sedge lies in it forming a major natural constituent of wet land vegetation, where their density tangled rhizomes contribute to erosion control, shoreline stabilization and water purification (Hutchinson et al., 1968) . Since it grows naturally close to the sea, I hypothesized that it has some adaptations for survival under air-borne salinity stress. A greenhouse experiment was therefore undertaken to determine the effect of different levels of salt spray on the growth of Kyllinga peruviana, to have an insight into the ecophysiological adaptations underlying the responses.
Materials and Methods

Salt Spray Treatments
Young rhizomes of Kyllinga peruviana collected from Lekki Beach in Lagos, Southern Nigeria were used to raise uniform plants in 20 × 26 cm perforated plastic pots filled with 2:1 mixture (v/v) of river sand to topsoil (Cheplick & Demetri, 1999; Khan et al., 2000) . The soil had 5.48 pH, 20.42 ppm N, 3.56 ppm P, 3.56 (meg/100g) K, 2.32 (meg/100g) Ca, 2.60 (meg/100g) Mg, 8.2 (meg/100g) CEC, 3.67% C, 80.68% sand, 12.06% silt and 8.36% clay (Kekere & Bamidele, 2012) . It is typical of a beach soil which is sandy and low in nutrient content, and because the soil is porous, leaching rate is high and salt does not accumulate in the root zone (Griffiths & Orians, 2003) . The potted plants were placed on the greenhouse bench of Plant Science and Biotechnology Department, Adekunle Ajasin University, Akungba Akoko, Ondo State, Nigeria (Lat. 7 0 N 28 1 , Long. 5 44 1 E). Plants were randomly assigned to control and salt sprays. For salt spray treatments, air-borne seawater collected off the shore at Lekki Beach in Southern Nigeria on a single day in late July 2012 was used. The seawater was collected by the conventional method of arranging salt spray collectors parallel to the coastline at about 10 m from mean seawater level (mean tide line). Each salt spray collector was made up of polypropylene filter gauze wrapped over a 30 cm long plastic tube placed vertically in a beaker. The collectors were fixed on the ground with about 20 cm of the upper part exposed. The beaker was to collect precipitation and prevent loss of trapped water (Griffiths & Orians, 2003; Doomen et al., 2006; De Vos et al., 2010; Conolly et al., 2010) . The seawater was stored in a 5-L plastic jug and kept in a refrigerator at 4 °C and used for the duration of the experiment. It had salinity of 31 ppt, with sodium and chloride accounting for approximately 86% of the ions present. Spray treatments began on 30 July 2012 and lasted for 12 weeks. Plants were sprayed twice/week (on Mondays and Thursdays) with seawater at: 2 sprays/week (2SS) -1 spray on each of the two days), 4 sprays/week (4SS) -2 sprays on each of the two days or 6 sprays/week (6SS) -3 sprays on each of the two days. The control treatment, in which plants were sprayed with de-ionized water 3 times on each of the two days, was designed to account for any mechanical or physical effects of the misting process. Plants were sprayed at an interval of 4 hours beginning from 08:00 am by removing plants from the watering system, taking them outside, and spraying individual plant to run-off with all the aerial parts equally exposed. Spraying was carried out using a plant mist bottle held about 20 cm from the shoot. The salt loads at each level of spray were estimated following the commonly used method described by (Cheplick & Demetri, 1999) . Five plants not used in the experiment but grown with the experimental plants were each immersed in 150 ml of de-ionized water and the conductivity determined. The same shoot was sprayed once with seawater, immersed into 150 ml of de-ionized water, and the conductivity increase was recorded. The conductivity increase was also recorded after the same shoot was sprayed twice and thrice respectively following immersion in 150 ml of de-ionized water. This was repeated for all the 5 plants. Salt deposition was estimated per square decimeter of leaf area surface for each of the three seawater treatments at each application. The accumulated salt onto shoot for 1 spray, 2 sprays and 3 sprays equaled on average 4, 8 and 12 mg NaCl dm -2 leaf area day -1 , which fall within the levels found in the natural habitat of strandline plants (Barbour et al., 1985; Griffiths, 2006) . Before each salt spray treatment, plastic discs were placed over the soil surface and around the base of each plant to prevent salt deposition on the soil. Also, plants were watered from the top of the soil surface at the base of the plants once per week to flush out any salts that might have been deposited onto the soil during misting, which did not remove the salts deposited onto the shoots. This was to ensure that the relative level of airborne salt deposited onto the shoots would be the primary cause of any observed effect rather than soil salinity or combined effect of both (Rozema et al., 1982; Cheplick & Demetri, 1999; Griffiths, 2006) . Salt spray was allowed to accumulate throughout the experiment, which is realistic in the field because in years with infrequent rain, salt spray is not washed off during the summer growing season (Cheplick & Demetri, 1999; Cheplick & White, 2002) .
Growth Measurement
Plant survival was monitored while plant height, leaf area and stem girth were measured with meter rule, leaf area meter (LI-COR 300 model) and digital vernier caliper (model 0-200 mm) respectively. The leaves on individual plants and number of tillers were counted. Plants were destructively harvested and partitioned into leaves, stems and roots after 12 weeks of treatment. The major roots were counted and their length measured.
Fresh plant parts were weighed separately and their dry mass measured after oven-drying to constant weight at 70 ºC. Root: Shoot ratio (root mass/shoot mass) and the relative growth rate-RGR-(ln mass2-ln mass1)/ time were estimated.
Determination of Water Status
Two aspects of water status (moisture content and xylem water potential) were determined. Moisture content was calculated with the commonly used formula: [(fresh mass-dry mass)/dry mass] × 100 while plant xylem water potential was measured with a plant moisture-stress instrument (PMS Instrument Co., Oregon, USA) on six randomly selected stems from each treatment. Pre-dawn xylem water potential was measured between 06.00 and 07.00 am while mid-day xylem water potential was measured between 12:00 noon and 1:00 pm.
Leaf Chlorophyll and Mineral Content Determination
Leaf total chlorophyll was extracted with 80% acetone following the method of Arnon (1945) 
Measurement of Stomata and Necrosis
Stomata number and necrotic damage were estimated on the leaves used for the determination of moisture content following the method described by Hwang and Chen (1995) . The stomata number per leaf was estimated as the product of stomata density and leaf area. The area of leaf tissue with necrotic damage was measured using a dot grid and expressed as the percentage of total leaf area showing necrosis (Griffiths & Orians, 2003; Griffiths et al., 2006) .
Statistical Analysis
The experiment was completely randomized with six single-plant replicates. Data were subjected to single factor ANOVA and means were separated with Tukey Honest Significant Difference (HSD) test using SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA) at P < 0.05.
Results
Salt spray did not lead to plant mortality since the control and salt-treated plants had 100% survival, but plant growth was negatively affected (Table 1) . Plant height, leaf area, number of leaves and tillers/plant decreased significantly in plants sprayed with seawater when compared with those exposed to salt spray. Seawater treatments significantly increased stem girth but had no effect on the number and length of roots. Fresh and dry mass values of the leaf, stem and shoot were significantly lower in plants sprayed with seawater than in those sprayed with de-ionized water, but the values for the root did not differ significantly. In addition, total biomass, the relative growth rate and leaf total chlorophyll (LTC) decreased while the root: shoot ratio increased as a result of seawater application (Table 2) . Air-borne salinity increased stem succulence with increasing level of application (Table 3) , by up to 14.75% increase over the control at the highest application level (6SS). Moisture content of other plant parts was however not affected by salt spray. Plant xylem water potential was lower under air-borne salinity treatment than did control plants, and they significantly differed from each other as the application level increased (Table 3 ). The mid-day values were slightly lower that those of the predawn. (Table 4 ). Plants exposed to air-borne salinity had higher N content in the aerial parts with values that differed significantly from the control. Salt spray also resulted in Na + and Cl -accumulation in the aerial parts of plants with increasing level of seawater applications. This accumulation led to a significantly higher total nutrient and percentage ash content in leaf and stem (Table 4 ). In addition, significantly higher values were obtained for Na: K in plants exposed to salt spray than in the control. In the root however, there was generally no effect of air-borne salt on the nutrient content except for a slight decrease in Mg 2+ and an increase in Na + and Cl -that did not differ from the control. Salt spray led to a more scattered stomata on the leaf surface (Plate A) bringing about a reduced stomata density and number of stomata per leaf by as much as 42.86% and 80.42% www.ccsenet.org/jps Journal of Plant Studies Vol. 3, No. 2; 2014 respectively at 6SS-the highest level of application (Table 5) . Also, air-borne salt increased the necrotic leaf area with increasing application level, which differed significantly from those sprayed with de-ionized water (Table  5) . Each value is a mean of 6 replicates. Means with the same letter(s) [in superscript] in the same column are not significantly different at P < 0.05 (Tukey HSD). CSS = deionized water sprays (control), 2SS = two salt sprays per week, 4SS = four salt sprays per week, 6SS = six salt sprays per week.
Plate A. Stomata appearance on the abaxial leaf surface of Kyllinga peruviana after 12 weeks of exposure to salt spray. S= stoma, D= diameter, CSS = deionized water sprays (control), 2SS = two salt sprays per week, 4SS = four salt sprays per week, 6SS = six salt sprays per week
Discussion
The soil used for planting was suitable for the growth of K. peruviana since no symptom of nutrient deficiency was observed in the control plants. Plant survival under air-borne salinity has been linked with ability to cope with salt stress (Gagne & Houle, 2002) . Salt spray tolerant plants occupy sea-side while sensitive species are eliminated and are found inland far away from the beach (Ogura & Yura, 2007; Scheiber et al., 2008) . Ogura & Yura (2007) reported that the death of Impereta cylindrica and Miscanthus sinensis transplanted to beach was as a result of salt spray, inhibiting them from becoming established on the front dunes. They concluded that salt spray was among the non-negligible factors controlling the distribution of plants in sand dune vegetation. Air-borne salinity has been reported to cause growth reduction in many plant species, such as reduction in leaf expansion and stem elongation in Leymus mollis (Gagne & Houle, 2002) and Myrica. pensylvanica (Griffiths & Orians, 2003) . Air-borne salt reduced tiller number in Kyllinga peruviana similar to the observations of Cheplick and Demetri (1999) that the final number of tillers in Triplasis purpurea was significantly reduced for salt-sprayed plants relative to the control. Reduction in plant height, number of branches and number of leaves was also recorded in Miscanthus sinensis and Pennisetum alopecuroides (Scheiber et al., 2008) , Crambe maritima (De Vos et al., 2010) and Diodia maritima (Kekere & Bamidele, 2012) . Reduced number of leaves was due to leaf firing, browning and necrotic damage caused by Na + and Cl -deposition. The injury caused by salt spray led to early leaf senescence and defoliation, as observed in Pinu rigida seedlings (Griffiths & Orians, 2004) . Also, fewer leaves and reduced leaf size have direct effect on the leaf surface area available for light interception for photosynthetic activities, with consequential effect on growth (De Vos et al., 2010) . Reduced leaf area under salt spray was similarly observed in Crambe maritima (De Vos et al., 2010) , Diodia maritima (Kekere & Bamidele, 2012) and Commelina erecta subsp maritima (Kekere, 2013) , which can be attributed to inhibition of leaf expansion.
However, a field of thought opined that salt spray accumulation on coastal plants is closely correlated with reduced height and an absence of trees, which could be one mechanism through which the characteristic dwarf stature of strand vegetation is maintained (Griffiths & Orians, 2003) . Reduction in leaf area brings about a www.ccsenet.org/jps Journal of Plant Studies Vol. 3, No. 2; 2014 decrease in the surface available for salt deposition and water loss through transpiration, which are strategies to cope with water stress (Morant-Manceau et al., 2004) . Chlorophyll content decrease could be due to leaf damage. Application of NaCl to plant foliage induced fragmented cuticles, disrupted stomata, collapsed cell walls, coarsely granulated cytoplasm, disintegrated chloroplasts and nuclei, and disorganized phloem, thus reducing growth (Touchette, 2009) . Also, inhibition of essential nutrients uptake must have led to chlorophyll reduction, because certain elements such as Mg 2+ and Fe 2+ are important for normal growth and are part of chlorophyll ultrastructure (Touchette, 2009 ). Similar to this study, Scaevola sericea seedlings had reduced stem mass, leaf mass, shoot mass and total biomass with increasing level of sea spray Goldstein et al. (1996) . Reduction in growth parameters must have led to biomass reduction.
Induced stem succulence in seawater-treated K. peruviana is in agreement with the results of De Vos et al. (2010) on Crambe maritima. Salt-tolerant plants have been shown to increase their moisture content for ion dilution (Rozema et al., 1985) . In a previous study, Griffiths & Orians (2003) reported a significant reduction in xylem water potential in Solidago puberula, Solidago rugosa, Gaylussacia baccata, Myrica pensylvanica, Pinus rigida and Quercus ilicifolia sprayed with seawater.
Air-borne salt can cause nutrient imbalance in plants. Na + and Cl -accumulation usually results in ion toxicity. Na + toxicity for instance has been linked with disruption of nutrient uptake, development of water stress, reduction of turgor and induction of oxidative cell damage (Rozema et al., 1982) . In the other hand, increase in certain elements and accumulation of Na + and Cl -by salt spray can be an adaptive mechanism to contribute to the osmotic potential, and thereby increase the protection against osmotic stress (Touchette, 2009) . Ashraf and Harris (2004) results indicated that much of N contents under seawater salinity were probably used in synthesis of specific N compounds such as amino acids (e.g. proline and aspartic acids), amides (glutamine and asparagine) and the stress-related proteins for osmotic adjustment. They observed that most salt tolerant plants accumulate Na + in their shoots whereas sensitive plants do not, and a more efficient K + uptake represents plant adaptation to salinity. They also stated that Na: K ratio can be used as phyto-physiological parameters for screening plants for NaCl stress. Hence, a high Na: K ratio indicates metabolic disorders such as a reduction in protein synthesis and enzyme activities and an increase in membrane permeability. All these must have been responsible for growth reduction.
Reduction of stomata number on leaf surface as recorded in this study must have decreased the entry points to salt spray and minimized water loss through transpiration, in conformity with the study on Kandelia candel (Hwang & Chen, 1995) . The sensitivity of the studied plant to necrotic damage confirms the result on M. pensylvanica that necrotic laves decreased as distance from the dune crest increased (Griffiths & Orians, 2003) . Likewise, the needles of Pinus rigida seedlings were reported to show high levels of necrotic damage close to the ocean due to salt spray (Griffiths & Orians, 2004) . Griffiths and Orians (2003) observed that necrosis increased with increasing levels of salt spray in the leaves of Solidago puberula, Solidago rugosa, Gaylussacia baccata and Quercus ilicifolia. The necrotic damage must have resulted in a decrease in net photosynthesis that was expressed in reduced growth (Griffiths, 2006) .
In conclusion, the study showed that Kyllinga peruviana is tolerant to air-borne salinity. It grows naturally in the strandline because it has developed some adaptations to cope with salt-related stress. Reduction in leaf size was to minimize water loss through transpiration and decreased the surface area available for salt deposition. Fewer stomata on the leaf surface could reduce the entry points for salt penetration and decreased loss of water through transpiration. N accumulation was an evidence of the presence of salt stress-related nitrogen compounds, which could help in for osmotic adjustment. Reduction in the xylem water potential was to adjust to water stress caused by salt spray. Increase in stem succulence was for ion dilution to minimize ion toxicity.
